A mutant designated NC2168, which was selected from wild-type Streptococcus equisimilis CVCC55116 by ultraviolet ray combined with 60 C o -γ ray treatment and does not produce streptolysin, was employed to produce hyaluronic acid (HA). In order to increase the output of HA in a flask, the culture medium and conditions for NC2168 were optimized in this study. The influence of culture medium ingredients including carbon sources, nitrogen sources and metal ions on HA production was evaluated using factional factorial design. The mathematical model, which represented the effect of each medium component and their interaction on the yield of HA, was established by the quadratic rotary combination design and response surface method. The model estimated that, a maximal yield of HA could be obtained when the concentrations of yeast extract, peptone, glucose, and MgSO 4 were set at 3 g/100 mL, 2 g/100 mL, 0.5 g/100 mL and 0.15 g/100 mL, respectively. Compared with the values obtained by other runs in the experimental design, the optimized medium resulted in a remarkable increase in the output of HA and the maximum of the predicted HA production was 174.76 mg/L. The model developed was accurate and reliable for predicting the production of HA by NC2168.Cultivation conditions were optimized by an orthogonal experimental design and the optimal conditions were as follows: temperature 33ºC, pH 7.8, agitation speed 200 rpm, medium volume 20 mL.
INTRODUCTION
Hyaluronic acid (HA), a linear, unbranched polysaccharide consisted of alternating N-acetyl-D-glucosamine and Dglucuronic acid, exists in many mammalian connective tissues such as joints, vitreous bodies, umbilical cords, cartilages, skins, and combs of fowls as a constituent; it plays an important role in many biological processes such as in tissue hydration, proteoglycan organisation in the extracellular matrix, and tissue repair (14) . HA is a valuable biopolymer in ophthalmics, orthopaedics, wound healing, tissue engineering, drug delivery, cosmetics, and as a vaccine aid (2, 6, 15) .
In recent years, instead of extracting HA from rooster combs and umbilical cord, preparing HA through microbial fermentation is being used more, because the risk of crossspecies viral infection can be avoided and the isolation process of high purity and high molecular weight HA can be simplified(5). This polymer is produced commercially by fermentation of the Lance field group C streptococci, Streptococcus equi subspecies equsimilis and Streptococcus equi subspecies zooepidemicus which can produce a capsule that is composed of hyaluronic acid polymers identical to that found in mammalian connective tissues (10) . However, Streptococcus spp. strain can produce streptolysin which causes hemolysis. Thus, it is very important that streptolysin is absent in the hyaluronic acid obtained by cultivation of the microorganism. According to the reports (8, 10, 12) , NTG treatment was an effective induced measure to obtain a mutant which does not produce streptolysin. However, in this study, a mutant designated NC2168, which was selected from wild-type Streptococcus equisimilis CVCC55116 by ultraviolet ray combined with 60 C o -γ ray treatment and does not produce streptolysin, was employed to produce HA.
Because no general medium works best for a new strain being tested, the optimization of the medium for the new mutant is necessary (9) . Meanwhile, large numbers of experiments in stirred controlled vessels are not practical.
However, the best medium chosen from shake flask data can build a foundation for the large scale stirred tank, thus it's essential to improve the HA production through the optimization of shake flask medium and cultivation conditions.
As a collection of statistical techniques for experiment designing, model developing and factors evaluating, response surface methodology (RSM) has been extensively applied in optimization of medium composition, conditions of enzymatic hydrolysis, fermentation and food manufacturing processes (3, 11, 13, 17,) . In this study, to increase the yield of HA, the optimum medium composition was carried out by RSM and the optimum cultivation conditions including temperature, rotate speed, pH, and medium volume were investigated through orthogonal experimental design.
MATERIALS AND METHODS

Microorganism and Medium
The strain used in this study was Streptococcus equisimilis CVCC55116, from Chinese Veterinary Culture Collection.
Microorganisms were grown in a solid culture medium 
Analytical Methods
CTAB Turbidimetric method was applied to determine the HA content (1). Ultraviolet and visible spectrophotometer (Rili, China) was used here.
Experiment design
Based on the single factor experiments, the carbon and nitrogen source and inorganic salt were determined, and the response surface methodology (RSM) was employed to optimize the medium for the mutant NC2168.Then, 23 runs were carried out using a factorial central composite design to study four independent variables each at five levels. The four independent variables X 1 (yeast extract), X 2 (peptone), X 3 (sucrose), and X 4 (MgSO 4 ) at five levels and the experimental design were given in Table 1 Table 3 . Four independent variables representing temperature, rotate speed, initial pH and medium volume were employed respectively. In each case, the output of HA was monitored and all the experiments were carried out in triplicate for the average calculation.
Statistical analysis
Statistical evaluations were performed using F-test. A value of p < 0.05 was considered significant. The quadratic model was obtained by a standard multinomial regression method for four factors using the software Statistica, version 6.0. The extremum was also acquired by differential coefficient calculation and canonical analysis which was used to predict the shape of the curve generated by the model. Variance analysis on the orthogonal experiment results was performed by SAS, version8.0. Based on the previous experiments, 3 g/100 mL yeast extract and 2 g/100 mL peptone were fixed respectively, and added 0.5, 1.0, 1.5, 2.0 and 2.5 g/100 mL peptone and yeast extract into the medium to constitute the composite nitrogen sources. The results in Figure 1b shows that 141.64 mg/L yield of HA was obtained using 3 g/100 mL yeast extract and 1.5 g/100 mL peptone, which was increased by 23.97% compared with 114.25 mg/L, using yeast extract only. Figure 2 , the highest output of HA was based on 0.5 g/100 mL glucose as the carbon source. Other carbon sources including maltose at 1.5 g/100 mL, fructose at 0.5 g/100 mL and sucrose at 0.5 g/100 mL could obtain a higher output of HA. However, the galactose and xylose could not be utilized well and the corresponding output of HA was relatively low.
RESULTS AND DISCUSSION
Optimization
We speculate that both UDP glucuronic acid and N-acetamide uridine diphosphoglucose are the synthesize precursors of HA and thalli. Maltose and sucrose could be easily decompounded into glucose by the thalli and fructose could be easily transformed into glucose so that they could be utilized better. During the process synthesizing HA, the HA synthetase is a key enzyme, which catalyzes the precursor of HA to synthesize HA (16) . In this study, the effects of Mg 2+ and K 1+ on the output of HA were explored considering their possible roles in the HA synthetase. As shown in Figure 3, 
Orthogonal rotatable central composite design
In the previous experiments, the suitability of various nitrogen sources, carbon sources, and metallic ions for the superior production of HA was evaluated. After the influence factors were determined, response surface method was used to optimize the culture medium for enhancing the output of HA through the quadratic rotary combination design (4, 7 
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Hyaluronic acid production by a S. equisimilis The significance of each coefficient was checked using the variance ratio test (F-test) and p-value in Table 2 The maximum of the model was obtained from the equation when the concentration of yeast extract, peptone, glucose and MgSO 4 were at 3.00 g/100 mL, 2.00 g/100 mL, of the predicted HA production was 174.76 mg/L. The triplicate experiments were also carried out to verify the accuracy of the result for HA production in a similar way as that of production model. Under the calculated optimal culture condition, the mean value of HA production was 178.53±3.50 mg/L, which was in agreement with the predicted value well.
The average relative error between actual value and predicted value was 4.95%. Therefore, the model developed was considered uction of HA by NC2168.
The 3-D response surface and the 2-D contour plots were the graphical representations of the regression equation (13) and showed the effect of each independent variable and also their mutual effects on the production of HA. The response surface curves and also contour plots for variations in HA production were depicted in Figure 4 . The response surface representing HA yield was a function of the concentrations of the two medium components with other ingredients being at an optimal level. By using the response surface plot, the interaction between two variables and their optimum levels can be easily understood and located. The HA output was influenced by all the four independent variables. The maximum point was achieved when glucose, peptone, yea
Optimization of culture condition
The effect of four factors: temperature, rotate speed, original pH and medium volume on the output of HA under the Hyaluronic acid production by a S. equisimilis medium volume > temperature > rotate speed.
The variance analysis (Table 4) showed that the effects rthogonal experimental design are presented in variable effect and also their mutual effects on the production g/100 mL, glucose=0.5 g/100 mL, MgSO 4 =0.15 g/100 mL. under the optimum culture medium and conditions. This design
The optimized culture condition was: temperature 32℃, rotate t of HA was affected ignificantly by culture medium and conditions optimi
The NC2168 showed e in HA productio proved to be crucial in achieving increase in the production of hen, Y.H. e t a l . 
